The efficient management of ambulance routing for emergency requests is vital to save patients when a disaster response scenario occurs. In today's road traffic, the transportation of patients from emergency points becomes more difficult in such tragic situation. We consider an urgent situation where a lot of hurts/patients require simultaneously an urgent medical care. Patients are either (1) slightly injured which can be assisted on the spot or (2) seriously injured which should be transferred to hospitals. In this paper, we aim to enhance the response-time performance of emergency medical service providers by handling the ambulance routing problem (ARP). The problem can be modeled as either the Open Vehicle Routing Problem (OVRP) or a Vehicle Routing Problem with Pickup and Delivery (VRPPD). We propose a cluster-first route-second algorithm based on the Petal algorithm and the particle swarm optimization (PSO) approach in order to handle efficiently the ARP.
Introduction
Ambulance routing problem (ARP) is one of the most important Emergency Medical Services (EMS) as it plays a vital role in saving injures's lives and reducing the rate of mortality when a disaster occurs ( 12 ). The sensitivity of decision making in the EMS firstly attracted the attention of operations research experts who studied numerous class of problems arising in the management of EMS systems. The ARP, called emergency logistic 6 , is about managing and controlling the flow of ambulances to save people affected by disasters. The response velocity of an EMS is a crucial feature since time is vital in emergency situations. An emergency is about either an ecological breakdown launched by the nature (earthquakes, floods, hurricanes) or a situation caused by man (accident, terrorist attacks). An emergency medical center (EMC) needs to decide how many ambulances should be sent in the call points. Thus, the emergency logistic network should be carefully modeled to provide reliable services to injuries needing help. In the recent literature, EMS is about establishing emergency facilities, rescuing survivors, providing medical assistance, transferring injuries to hospitals, and the coordination of these activities across organizations. 43 classified the EMS into five categories: (1) Transportation planning: Programming the suppliers delivery without treating the vehi-
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(3) Routing: Giving the ambulance routes to rescue the patients. (4) Roadway repair: Repairing damaged roadways and rehabilitate the lifelines to demand areas. (5) Integrated problems: Solving a set of above individual problems under one or more common objectives. The remainder of this work is organized as follows. Section 2 is the literature review. The detailed description of the problem and its different modelling is given in Section 3. Section 4 explains the solution approach. The extensive experiments and the corresponding results based on the proposed methods are illustrated in Section 5. Finally, Section 6 concludes the results and discusses possible future works.
Cluster-First Route-Second approach
Solving the ARP involves two kinds of decisions (1) partitioning the injuries into clusters compatible with ambulance requirements and (2) sequencing the call points in each cluster to get an ambulance itinerary. A classical approach for the basic routing problems is based on the cluster-first route-second principle, in which the partition is determined first. A traveling salesman problem (TSP) is then solved for each cluster. The proposed algorithm, named PA-PSO is based in Petal Algorithm and the PSO approach.
Cluster-first method: Petal Algorithm
The sweep algorithm is a method for clustering customers into groups so that customers in the same group are geographically close together and can be served by the same vehicle. Feasible clusters are initially formed by rotating a ray centered at the depot. A vehicle route is then obtained for each cluster by solving a TSP. The first mentions of this heuristic are found in 36 and 35 , but the sweep algorithm is commonly attributed to 11 , who popularized it. From each cluster a vehicle route is obtained by solving its corresponding TSP. Finally, exchanging vertices between adjacent routes can be performed if it turns out to be distance saving. Sweep Algorithm is a two-phase heuristic that decomposes the VRP in two subproblems namely, clustering the vertices and constructing the routes with possible feedback information between the two subproblems.
Algorithm 1 Sweep algorithm Require: Distance matrix, polar coordinates, customer demands and vehicle capacity Ensure: Best solution 1: Select an arbitrary vertex i * to which assign a value θ * i = 0. 2: Compute the remaining angles from (1, i * ) and rank vertices in increasing order of their θ i . 3: Select an unused vehicle k. 4: Start by the vertex having the smallest angle, then assign vertices to the vehicle as long as its capacity is not exceeded. If unrouted vertices remain, go back to 1. 5: Optimize each vehicle route by solving exactly or approximately the corresponding TSP. Re-optimize (using an improvement heuristic).
Extension of sweep algorithm: Petal Algorithm
According to 16 , the Petal Algorithm (PA) can be described as follows. The nodes are numbered in radial order about the depot. Each radially consecutive set of nodes forms a petal. A petal is feasible if the sum of customers demands do not exceed the vehicle capacity. PA is a natural extension of the sweep algorithm is to generate several routes, called petals. PA can be described as follows. Given S is the set of routes, x k = 1 if and only if route k belongs to the solution, a ik is the binary parameter equal to 1 only if vertex i belongs to route k, and d k is the cost of petal k.If routes correspond to contiguous sectors of vertices, then this problem possesses the column circular property and can be solved in polynomial time.
